CLEARINGHOUSE FOR FEDERAL SCIENTIFIC AND TEGHNIGAL INFORMATION CFSTi 
DOCUMENT MANAGEMENT BRANCH 416.1) 


LIMITATIONS IN REPRODUCTION QUALITY 


ACCESSION # ! /) Uro%, SS J 


WN {. WE REGRET THAT LEGIBILITY OF THIS DOCUMENT IS IN PART 
UNSATISFACTORY. REPRODUCTION HAS BEEN MADE FROM BEST 
AVAILABLE COPY. 


oO 2. A PORTION OF THE GRIGINAL DOCUMENT CONTAINS FINE DETAIL 
WHICH MAY MAKE READING OF PHOTOCOPY DIFFICULT. 


a 3. THE CRIGINAL DOCUMENT CONTAINS COLOR, BUT DISTRIBUTION 
rah ARE AVAILABLE IN BLACK-AND-WHITE REPRODUCTION 
WLY. 


(T) 4. THE INITIAL DISTRIBUTION COPIES CONTAIN COLOR WHICH WILL 
BE SHOWN IN BLACK-AND-WHITE WHEN IT IS NECESSARY TO 


REPRINT. 
(C] 5. LiMiTED SUPPLY ON HAND: WHEN EXHAUSTED, DOSUMENT WILL 

BE AVAILABLE IN MICROFICHE ONLY. 
(C] 6 LIMITED SUPPLY ON HAND: WHEN EXHAUSTED DOCUMENT Witt ‘ 

NOT BE AVAILABLE. 
(CF) 7. DOCUMENT Is AVAILABLE IN MIGROFICHE ONLY. : 
(J 8. OOCUMENT AVAILABLE ON LOAN FROM GFSTI( TT DOCUMENTS ONLY). 
CD) s. 

Ih or 


PROCESSOR: 7° 
TSL-107-10/64 


et 
TG-451A 
September 1964 
Copy No. 


AD 608354 


suPBREMENT 16 Aes \ 
MARCUM S AN 


ENG 
[ATA 


TARGET DETECT 


— 
i 


Bac JOHNS HOPKINS UNIVERSITY CJAPPL IED PHYSICS LABORATORY ¢ SILVER SPRING. MIARYT ANI 
OPERATING UNDER CONTRACT NOw 62-0604-c, BUREAU OF NAVAL WEAPONS, DFPARTMENT OF THE NAV 


HSM 
| DDC-IRA C 


The Johns Mopking University 
APPLICG PHYSICS LAGORATURY 
Silver Spring. Maryland 


Introduction 


/ ge BEC) 

This report is a Supplement ee ee eae 
entitled /'Marcum's and Swerling's Data on Target Detection by 
a Pulsed Radar.) In, Pees, graphed data are presented which 
were obtained by high speed digital calculations basSed on the 


Si 
graphs are sufficient for many applications of the computed 


statistical analyses of Marcum and Swerling. . Although these 
Se 


data, there are some applications which require a better 
definition of the data so that the limited resolution of the 
graphs can be avoided. For example, in documenting the per- 
formance cf a proposed radar, it would be advantageous to 
specify that such documentation be standardized and based on 
tabulated data rather than on graphed dat.. Graphs introduce 
the Varta D ete’ of both the plotter anu the reader. 


“To accommodate those who have need for precise analytic 
data on radar target detection, the data which were plotted 
in 6451 are presented here in tabulated form; and in addi- 
tion, data are presented for 6000 pulses integrated inco- 


herently. ata could be computed for still large numbers of 


integrated ‘pulses but not without a significant modification 
of the origihal computational program and a careful considera- 
tion of the storage capacity of the computing machine. At the 
present time, the need for data above 3000 integrations is not 
great; however, the availability of data for 6000 permits 
better interpolation for intermediate values. For additional 


details refer to TG 451. 
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The labels used for parameters and column headings in 
the tables below are largely self-explanatory. However, to 
avoid ambigicus interpretation, the foilowing definitions 


are given. 


Marcum's and/or 


Label Discussion Swerling's Symbol 
PULSES The integration of pulses NW 
INTEGRATED of reradiated electromag- 

LNCOHERENTLY netic energy with random 

pelative puole. 
FALSE ALARM The number of opportuni- n/ 
NUMBER ties for a false alarm 

in the false alarm time. 
BIAS ON ROOT The factor by which root Yp 
MEAN SQUARE mean square noise is 
NOISE muitiplied to obtain a 


threshold value of signal 
voltage level. 


SIGNAL TO The Signal to noise power x (Marcum ) 

NOISE RATIO ratio at the input to the x,x (Swerling) 
radar receiver. 

SIGNAL TO The ratic in decibels - 

NOISE RATIO rounded to integers. The 

DB calculation was actually 


performed for the values 
tabulated for SIGNAL TO 
NOISE RATIO 


NORMALIZED The ratio of the actual R 
RANGE range to u target to the R 
oO 
range for which the signal 
to noise ratio is l. 
DET. PROB. The probability that the Px (Marcum) 


voltage level of inco= 

herently integrrted pulses : 
exceeds tho Beeeteln Py (Swerling) 
False alarms art’ not dis- 

tinguishabic from reports 

of real targets. From the 

computational point of view, 

the tabulated values are 

correct to at least 6 

decimal places. 
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NON- 
FLUCTUATING 
TARGET 


FLUCTUATING 
TARGET 


CASE 1 


CASE 2 


CASE 3 


CASE 4 


at ie 


Q 


A target of constant 
radar croSs section as 
observed at vhe radar. 


A target which varies ¢C 
in radar cross section 
as observed at the radar. e 


Scan to scan fluctuations 
according to the probabil- 
ity density function 

w(x,x) = i exp ' =) x = O. 


~ 


x 


Same as CASE 1 except pulse 
to pulse fluctuations in- 
Stead of Scan to scan. 


Scan to scan fluctuations 
according to the probability 
density function 


w(x,x) = & exp - 2 ; x= 0, 
x x 


Same as CASE 3 except pulse 
to pulse fluctuations instead 
of Scan to scan. 


corresponding 
to x 


corresponding 
to x 
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BIAS ON ROQT MEAN SQUARE NOISE = 1067.804337 
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FC WOISE TC KOISE RANGE WOR- FLUCTUATING FLUCTUATING FLUC TUAT LAG FLUCTUATING 
RETIC RATIO FLUCTUATING TARGET TARGET TaRGEF TARGET 
cs TARGET case 1 CASE 2 CASE 3 CASE 4 
C.398i11 “4 1.25893 0,88534390 0.96647829 
C.30119 -3 1.1885C O.SOTIRT&E 0.977704 16 
C.63096 -2 1.12202 O.92537799 G.98532506 
C. 79433 -1 1.05925 0.5£006363 0.99041761 
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7695329 .] 0.59566 O.S93TH126 0.599864 32 
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19.9526€4 13 C.47315 0.59750265 
2S. ebe 14 Cw 46658 0.99800656 
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125.89246C ra | Oo29854 0.$9959900 
t56.46939 22 C.28184 0.$9967572 
1$9.52631 23 0.2660T 0.59974515 
251.26873 24 €.25119 OSIDTIILED 
31E227B6 25 Co23T14 0.$9983196 
39€.10728 26 C.22387T 0.99986479 
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63C.95746 28 C.19953 0.$9991820 
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